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Identification of the resonant frequencies with the use of generalized 
transfer matrix for the nozzle-type element. Comparison of the 
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Pressure pulsations caused by volumetric machines are still an important problem in the compressors, pumps and 
diesel engines manifolds and pipelines operation. Nowadays, the problem is much more significant - for example  in 
the refrigeration industry, where the variable revolution speed compressors are widely introduced. The classical 
Helmholtz resonators can attenuate the pulsations only in a narrow range of frequencies. One of the possibility to 
attenuate the pressure pulsations is to introduce the shaped nozzles into the compressor outflow and inflow 
pipelines. It is a problem to introduce transfer matrix of the nozzle with variable geometry to the classical Helmholtz 
model to analyze it influence on the whole system. In the past several identification methods were presented but 
some of them are too complicated for practical applications. Such a method must be reliable, easy and can’t be time-
consuming. Two methods described in the literature meet all these conditions: the CFD-based identification method 
and analytical extension to the transfer matrix method. In this paper the identification of the generalized transfer 
matrix comparison for the nozzle-type geometry is presented. Such a comparison will allow to answer the question 
whether these methods are mutually exclusive, confirm or complementary. This paper also present conclusions 




Pressure pulsations caused by the periodic work character of the volumetric compressor are the main noise and 
vibration source in gas manifolds. For pressure pulsation attenuation, different types of mufflers are applied using a 
design based upon the Helmholtz resonator approach (Ma and Min, 2001). This design is particularly effective for 
constant revolution speed compressors. For contemporary applications of variable revolution speed compressors, 
other pressure pulsation attenuation methods are needed. It is known that different shapes of nozzles can attenuate 
pressure pulsations. The main criterions for nozzle selection are: as high as possible pressure pulsation attenuation 
whilst having the lowest possible effect on compressor power. To calculate the acoustic wave behavior in the 
volumetric compressor installation the classic Helmholtz model is used. Transfer matrix method which is an 
extension of the Helmholtz model is described in (Huang and Jiang, 2007) (Munial, 2014) (Cyklis, 2010). This 
method describe the wave propagation through the element which is defined as a four- pole matrix as it is presented 











]     (1) 
 
Multiplying the four-pole matrices aii of the subsequent elements of the installation describes the acoustic response 
of the manifold. Helmholtz resonators can be easily introduced into the transfer matrix equations as they can be 
simplified as a pipe elements. Introducing to the installation the elements with variable geometry, which can’t be 
described by a constant radius, makes this method useless until a reliable method of the four-pole matrix calculation 
for such an element will not be presented. Some attempts to generalize and extend the Helmholtz method for 
modelling elements other than volumetric mufflers are presented in the literature (Andersen, 2008) (Georges et al., 
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2005) (Cyklis and Mlynarczyk, 2017) but there are only two approaches in the literature, allowing the identification 
of the four-pole matrix  for a nozzle-type elements (Cyklis, 2002a) (Cyklis, 2002b)  (Min et al., 2016).     
 
 
2. ANALYTICAL METHOD PRINCIPLES 
 
Analytical extension of the transfer matrix method to analyze acoustic resonators with gradually varying cross-
section area is described in the paper (Min et al., 2016). Authors analyze four different resonators shapes with 
profiles defined as: tapered, trigonometric, exponential and hyperbolic. One of the main goals of the article is the 
shape factors definition, which for investigated nozzles are described by equations presented in the table 1.  
 
Table 1: Shape factors for different nozzles (Min et al., 2016) 
 
 Tapered Trigonometric Exponential Hyperboloic 

























   
Definition of the four-pole matrix for each element and the transfer function are presented. Min et al. (2016) 











]       (2) 
  
Only the hyperboloic nozzle is analyzed as a reference to further investigations. The transfer matrix elements 















     (4) 
 
𝑐 = −(𝐹𝑣𝑣 ∙ 𝑒
−𝑗∙𝑘∙𝑙 ∙ 𝑒−𝛼∙𝑙 + 𝐹𝑣𝑝 ∙ 𝑒
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Where Fvv, Fvi, Fvp, α are functions described in details by authors in the paper (Min et al., 2016). 
After transformation to the standard form presented in the eq. 1., the components of the matrix must be calculated 
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Authors calculate the transfer function SPTF as: 
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𝐻 = 20 ∙ 𝑙𝑜𝑔 ∙ |
𝑝1
𝑝0
|     (11) 
 







      (12) 
 
The author  investigations are conducted using this method to check if it is possible to obtain similar results to Min 
et al. (2016) without full information about the coefficients used by the Authors. Investigations results also are 
treated as a comparison to the CFD method results. 
 
3. CFD BASED METHOD PRINCIPLES 
 
Cyklis (2002a) introduced the CFD based identification method to calculate the four-pole matrix of an element. 
Author present a comparison of pressure curves obtained using a first and a second order transmittances, calculated 
on the basis of CFD simulation results, with the experimental results. When calculating significant harmonics of the 
signal the Author obtained even a better approximation of the actual pressure pulsations than using the classic 
Helmholtz model. Extensions introduced to this method described in the papers (Cyklis and Mlynarczyk, 2017) 
(Cyklis and Mlynarczyk, 2016) makes this method even more accurate. To calculate the four-pole matrix elements 
four CFD simulations must be conducted. Two in a normal direction (one with closed end) and two in opposite 




Figure 1: Four cases used for the CFD simulation. In the A) and C) the end is closed (M2=0) and for the B) and D) 
case end is open (P2=0) 
 
Elements of the four-pole matrix can be defined using relations between them and the transmittances calculated 







−𝑠𝜏0     (13) 
 
and the defined relations are : 
 
A) Transmittance calculated for closed end : 
 
      𝑇𝑃𝑀 =
1
𝑎21
      (14) 
 




       (15) 
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      (16) 
 





      (17) 
Detailed description about algorithm used to analyze the data obtained from the CFD simulation is described in 
(Cyklis and Mlynarczyk 2016) ( Cyklis and Mlynarczyk 2017). To calculate the transmittances, the parameters K, ζ, 
ω0 and τ0 must be defined. Definition of the parameters are widely described in the literature. To calculate the SPTF 







      (18) 
 





      (19) 
 
As it can be seen in the eq. 19 only three transmittances are needed to calculate the SPTF function.  
 
4. CALCULATIONS AND RESULTS 
 
To make the valuable comparison between two different methods author calculated the four-pole matrix elements, 
and the first resonance frequency using both methods. Method presented in the paper (Min et al., 2016) is well 
described but some missing values must be defined arbitrary as they are not specified in the paper. All calculations 
are conducted for the hyperboloid nozzle defined in the paper (Min et al., 2016) with the length l=0.33m and the 
inner diameters: at inlet d0=0.049m, and at the outlet d1=0.015m.  
 
4.1 Analytical Extension of the Transfer Matrix Method 
To calculate SPTF function using this method author must define the default values of the air density and sound 
velocity. This values was defined as it is for the 25˚C. Results obtained by author is very similar to that obtained by 




Figure 2: Transfer function of sound pressure (SPTF) of hyperboloid nozzle resonator 
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The forthcoming resonance frequencies differ about 75-100 Hz but the behavior of the function is similar to that 
presented by the Authors in the paper (Min et al., 2016). Differences can be an effect of different values of some 
constant values which are not described by the Authors in their contribution. Using this method one is able to obtain 
repeatable results, which is also important. 
 
4.2 A CFD BASED IDENTIFICATION METHOD 
To calculate transmittances, numerical simulations of the impulse flow through the investigated shape was 
conducted. To obtain the best quality of the numerical model the profile shape was defined by the hyperboloidal 
profile equations and performed as a 2D axisymmetric model. 2D axisymmetric calculations are fast and gives good 
results. Grid of the prepared model is shown in the figure 3. 
 
 
Figure 3: Hyperboloidal nozzle numerical grid 
 
It is known that in presented simulations better results can be obtained using nozzle element with straight pipe at the 
inlet and at the outlet of the model, but for the preliminary investigations modelling only nozzle geometry is 
sufficient. Boundary conditions of the calculations are presented in the figure 4.  
 
 
Figure 4: Hyperboloidal nozzle numerical grid 
 
Simulation are defined as a time-dependent, example of the pressure contours at 0.0002s for the two cases are 
showed in the figure 5.  
 
 
Figure 5: Pressure contours of the impulse propagation after 0.0002 seconds. A) Normal direction flow, B) 
Opposite direction flow 
 
After spatially averaging the results at the outlet: pressure (for closed end) and mass flow (for open end) function in 
time are analyzed to obtain the parameters  K, ζ, ω0 and τ0. For the investigated element these parameters calculated 
for four transmittances are presented in the table 2. 
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Table 2: Transmittance coefficients 
 
Transmittance K 𝜔0 𝜁 ∆𝜏 
𝑇𝑃𝑀 156.25 2910.5 -0.089 0.00048 
𝑇𝑀 1.64 668 -0.028 0.00068 
𝑇′𝑃𝑀 1319.2 3357.5 -0.073 0.00034 
𝑇′𝑀 6.06 2153.5 -0.0685 0.00052 
 
Coefficients presented in the table 2 introduced to the equation 13 allows to calculate the transmittance functions. To 
calculate SPTF function the equations 11,18 and 19 are used.  
 
4.3 RESULTS COMPARISON 
In the presented investigation the SPTF function is calculated using both presented methods. In the table 3. the 
values of the first resonant frequencies are compared with the value obtained by the Min et al. (2016) analytically.  
 
Table 3: First resonant frequency obtained using Analytical and CFD methods  
 
Hyperboloidal nozzle Min et al., 2016 - 
Analytical 
Analytical CFD Identification 
First resonant frequency [Hz] 375 275 350 
 
As it can be seen in the table 3. repeating the analytical calculations using Min et al. method gives more different 
result than using CFD identification method. As the analytical method is not described in details the Author expect  
a difference at this level. On the other hand, using CFD identification method the result is surprisingly similar for the 




 Presented investigations allow to conclude that both methods are convergent in results for the hyperboloid 
nozzle shape.   
 The CFD identification method is not limited to specific shapes. Using analytical  extension method  every 
shape must be considered individually.  
 Simulation principles and numerical methods used for calculations has a big impact on the results. The 
choice of proper CFD method and software for impulse excited acoustic response is very important due to 
time and reliability of the results. 





P complex pressure  (Pa)  
M complex mass flow rate  (kg/s)  
𝑇𝑃𝑀, 𝑇𝑃 , 𝑇′𝑃𝑀, 𝑇′𝑀 transmittances flow-pressure  (–)  
H transfer function of sound pressure (dB) 
K amplification factor  (–) 
ω0 free oscillation frequency  (Hz)  
τ0 response delay time  (s) 
ζ damping factor  (–) 
a,b,c,d alternate four-pole matrix element (–) 
aii four-pole matrix elements  (–) 
d nozzle diameter  (m) 
l nozzle length  (m) 
p pressure  (Pa) 
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Subscript   
0 value at nozzle start point x=0  
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